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Objectives  of  the  Course 

Physics  30  is  intended  to  further  students’  understanding  and  application  of 
fundamental  physics  concepts  and  skills.  The  focus  of  the  course  is  on 
understanding  the  physics  principles  behind  the  natural  events  that  students 
experience  and  the  technology  that  they  use  in  their  daily  lives.  The  course 
encourages  enthusiasm  for  the  scientific  enterprise  and  develops  positive 
attitudes  about  physics  as  an  interesting  human  activity  with  personal 
meaning.  It  develops  the  knowledge,  skills,  and  attitudes  to  help  students 
become  capable  of  and  committed  to  setting  goals,  making  informed  choices, 
and  acting  in  ways  that  will  improve  their  own  lives  and  life  in  their 
communities. 

To  develop  the  required  knowledge,  skills,  and  attitudes  in  Physics  30,  it  is 
necessary  that  students  have  successfully  completed  Science  1 0 and 
Physics  20. 

Curriculum  Standards  Provincial  curriculum  standards  help  to  communicate  how  well  students  need 

to  perform  in  order  to  be  judged  as  having  achieved  the  objectives  specified 
in  the  Physics  20-30  Program  of  Studies,  Interim  1995.  The  specific 
statements  of  standards  are  written  primarily  to  apprise  Physics  30  teachers 
of  the  extent  to  which  students  must  know  the  Physics  30  content  and  be  able 
to  demonstrate  the  required  skills  in  order  to  pass  the  examination. 


Performance  Expectations 

Acceptable  Standard  Students  who  achieve  the  acceptable  standard  in  Physics  30  will  receive  a 

final  course  mark  of  50%  or  higher.  Students  achieving  the  acceptable 
standard  have  gained  new  skills  and  knowledge  in  physics  but  may 
encounter  difficulties  if  they  choose  to  enroll  in  post-secondary  physics 
courses.  These  students  are  able  to  state  and  solve  problems  that  can  be 
related  quickly  to  an  equation  on  the  data  sheet.  Their  laboratory  skills  are 
limited  to  following  explicit  directions  and  to  using  laboratory  data  to  verify 
known  physics  information.  These  students  are  capable  of  defining  and 
calculating  quantities  such  as  one-dimensional  momentum;  kinetic  and 
potential  energies;  electric  force  and  the  force  due  to  gravity;  current, 
potential  difference,  and  resistance  in  simple  series  and  parallel  circuits; 
variables  in  the  relationship  between  the  primary  and  secondary  coils  of  a 
transformer;  speed,  wavelength,  and  frequency  of  electromagnetic  waves; 
charge-to-mass  ratios;  and  the  photoelectric  work  function.  They  tend  to  use 
item-specific  methods  in  their  problem  solving  and  rarely  apply  the  major 
generalizations  of  physics  such  as  conservation  laws  or  balanced  and 
unbalanced  forces  to  their  solutions.  When  explaining  the  connections 
between  science,  technology,  and  society,  these  students  tend  to  use 
examples  provided  from  textbooks.  These  students  have  difficulty 
connecting  physics  to  real-life  scenarios  beyond  the  classroom. 
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Standard  of  Excellence 


Students  who  achieve  the  standard  of  excellence  in  Physics  30  receive  a final 
course  mark  of  80%  or  higher.  They  have  demonstrated  their  ability  and 
interest  in  both  mathematics  and  physics  and  feel  confident  about  their 
scientific  abilities.  These  students  should  encounter  little  difficulty  in  post- 
secondary physics  programs  and  should  be  encouraged  to  pursue  careers  in 
which  they  will  utilize  their  talents  in  physics.  Students  who  achieve  the 
standard  of  excellence  show  flexibility  and  creativity  when  solving 
problems,  and  minor  changes  in  problem  format  do  not  cause  them  major 
difficulties.  In  the  laboratory,  students  who  achieve  the  standard  of 
excellence  can  deal  with  data  that  are  less  than  perfect  or  with  instructions 
that  are  incomplete.  These  students  are  capable  of  defining  and  calculating 
quantities  such  as  two-dimensional  momentum,  current  and  voltage  using 
Kirchhoffs  rules,  resistance  in  series  and  parallel  circuits,  the  motion  of  an 
electric  charge  in  a magnetic  field,  and  variables  in  the  Balmer  equation. 
They  seek  general  methods  to  solve  problems  and  are  not  afraid  to  use 
conservation  laws.  They  transfer  knowledge  from  one  area  of  physics  to 
another  and  can  express  their  answers  in  clear  and  concise  terms.  In 
addition,  these  students  can  connect  their  understanding  of  physics  to  real- 
world  situations  that  include  technological  applications  and  implications 
beyond  the  classroom  setting. 


Examination  Specifications 

Each  Physics  30  Diploma  Examination  is  constructed  as  closely  as  possible 
to  the  following  specifications.  Adjustments  in  the  emphasis  may  be 
necessary  because  the  examination  includes  written-response  questions 
and/or  machine-scored  questions  that  cover  more  than  one  general  learner 
expectation.  Questions  on  the  diploma  examination  will  require  students  to 
demonstrate  knowledge  of  physics  concepts  and  to  apply  skills  in  a context 
that  supports  making  STS  connections. 

The  design  supports  the  integration  of  all  Physics  30  general  learner 
expectations  (GLEs)  as  outlined  in  the  Physics  20-30  Program  of  Studies, 
Interim  1995.  As  a result,  the  examination  is  not  necessarily  arranged 
sequentially  by  units  but  instead  is  built  around  scenarios  or  contexts  that 
support  STS  connections.  Therefore,  a set  of  questions  may  assess  students’ 
ability  to  integrate  several  general  learner  expectations  (GLEs).  All 
questions  will  measure  achievement  of  scientific  knowledge;  some  will  also 
measure  achievement  of  scientific  process  and  communication  skills  and/or 
STS  connections. 
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The  2001-2002  Physics  30  diploma  examinations  are  constructed  to  place  the  following  approximate  emphases 
on  the  Physics  30  course  general  learner  expectations. 


Knowledge 

Emphasis 

The  student  can 

• compare  and  contrast  scalar  and 
vector  quantities  and  fields;  apply 
the  concept  of  field  to  quantitatively 
explain,  in  terms  of  their  source, 
direction,  and  intensity,  the 
gravitational,  electrical,  and 
magnetic  effects  on  objects  and 
systems 

10-20% 

• describe  quantitatively,  analyze,  and 
predict  the  behaviour  and  physical 
interactions  of  objects  that  may  be 
in  gravitational,  electric,  and/or 
magnetic  fields,  using  the  principles 
of  kinematics,  dynamics, 
conservation  of  energy,  momentum, 
and  electric  charge,  in  addition  to 
electrostatics  and  electromagnetism; 
apply  these  principles  to  atomic 
theory  and  other  applications 

35-45% 

• explain  quantitatively,  analyze,  and 
predict  the  motor/generator  effect; 
describe  quantitatively,  analyze,  and 
predict  the  functioning  of  simple 
resistive  direct  current  circuits, 
using  Ohm’s  law  and  Kirchhoff  s 
rules;  explain  the  design,  function, 
and  technological  applications  of 
simple  electric  motors,  generators, 
meters,  transformers,  and  other 
simple  electromagnetic  devices 

10-20% 

• explain  quantitatively  the 
characteristics  and  behaviours  of 
electromagnetic  waves,  and 
algebraically  solve  problems  using 
the  relationship  among  speed, 
wavelength,  frequency,  and  energy, 
and  apply  these  principles  with 
conservation  laws  to  the  atomic 
theory  and  other  applications 

25-35% 

Scientific  Process  and  Emphasis 

Communication  Skills  ">0-40°/ 

The  student  can 

• design,  interpret,  explain,  analyze,  and  evaluate 
investigations 

• organize  data  into  tables,  graphs,  and  diagrams, 
and  predict  relationships 

• interpret,  explain,  analyze,  and  evaluate  data  to 
infer  relationships 

• use  appropriate  scientific  terminology  and 
mathematical  language  to  communicate  and 
explain  scientific  concepts 


Science,  Technology,  and  Society 

Connections  (STS)  Emphasis 

The  student  can  40—60% 

• apply  cause-and-effect  reasoning  to  formulate 
relationships  in  which  scientific  evidence  shapes 
or  refutes  a theory,  and  explain  the  limitations  of 
science  and  technology  in  answering  all 
questions  and  solving  all  problems 

• describe  and  evaluate  the  design  and  function  of 
technological  solutions  to  theoretical  and 
practical  problems  using  scientific  principles  and 
theories,  and  relate  the  ways  in  which  science 
and  technology  advance  one  another 

• evaluate  from  a variety  of  perspectives  how 
science  and  technology  are  influenced  and 
supported  by  society,  and  assess  the  ability  of 
society  to  interact  responsibly  with  the 
environment 

• apply  the  skills  and  knowledge  acquired  in 
Physics  30  to  everyday  life  and  to  related  and 
new  concepts  in  post- secondary  studies 
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Examination  Design 

The  design  of  the  2001-2002  Physics  30  diploma  examinations  is  as  follows: 


Question  Number  of  Percent 

Format  Questions  Emphasis 

Multiple  Choice  37  53 

Numerical  Response  12  17 

Written  Response  2 30 


The  machine-scored  portion  of  each  examination  contains  both  multiple- 
choice  and  numerical-response  questions,  some  of  which  may  be  linked. 

Answers  for  multiple-choice  questions  are  recorded  in  the  first  section  of  the 
machine-scored  answer  sheet.  Answers  for  numerical-response  questions  are 
recorded  in  the  second  section  on  the  same  side  of  the  same  machine-scored 
answer  sheet.  Answers  to  the  written-response  questions  are  written  in  the 
examination  booklet. 

Multiple-choice  questions  are  of  two  types:  discrete  and  context-dependent. 
A discrete  question  stands  on  its  own  without  any  additional  directions  or 
information.  It  may  take  the  form  of  a question  or  an  incomplete  statement. 
A context-dependent  question  provides  information  separate  from  the 
question  stem.  Many  of  the  multiple-choice  questions  are  context-dependent. 
A particular  context  may  be  used  for  more  than  one  multiple-choice  question 
as  well  as  for  one  or  more  numerical-response  questions. 

Numerical-response  questions  are  of  three  types:  calculation  of  numerical 
values;  selection  of  numbered  events,  structures,  or  functions  from  a 
diagram/list;  and  determination  of  a sequence  of  events. 

The  written-response  portion  of  the  Physics  30  Diploma  Examination 
contains  two  questions:  an  open-response  question  that  is  scored  using  a 
holistic  scoring  guide,  and  an  analytic  question  that  is  scored  using  an 
anaholistic  scoring  guide. 

The  Physics  30  Diploma  Examination  uses  some  linked  questions  in  the 
multiple-choice  and  numerical-response  section.  A numerical  answer  from 
one  question  may  be  necessary  to  complete  the  calculations  in  the  next 
question.  If  students  answer  the  first  question  incorrectly  but  use  that  answer 
correctly  to  answer  the  second  question,  they  will  receive  full  marks  for  the 
second  question.  These  variations  in  answers  are  accommodated  by  the 
program  designed  for  electronic  scoring. 
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Linked  Questions 


An  illustration  of  linked  questions  taken  from  the  January  1999  Physics 
30  Diploma  Examination  is  shown  below. 


Use  the  following  information  to  answer  the  next  two  questions. 


A glass  ornament  of  mass  575  g sitting  on  a table  is  subjected  to  a 
resonant  frequency  of  440  Hz.  The  ornament  breaks  into  three  pieces 
that  travel  horizontally  across  the  frictionless  tabletop.  Fragment  A has  a 
mass  of  168  g and  fragment  B has  a mass  of  212  g. 

Wb=212§ 

vB  = 9.00  m/s  *||lK 

pBf  = 1-91  kg*m/s 

/60° 

\ 120°\ 

\ \ ^ A m.=  168  p 

/ va  = 15.0  m/s 

pM-2.52  kg*  m/s 

% 

10.  The  magnitude  of  the  momentum  of  the  third  piece  of  glass,  fragment  C,  is 

A.  5.19kg»m/s 

B.  3.85  kg«m/s 
*C.  2.28  kg-m/s 

D.  0.610  kg»m/s 


Use  your  recorded  answer  from  Multiple  Choice  10  to  answer  Numerical 
Response  4.  * 


Numerical  Response 


The  speed  of  the  third  fragment  of  glass,  expressed  in  scientific  notation, 
is  b x 10M  m/s.  The  value  of  b is . 

(Record  your  three-digit  answer  in  the  numerical-response  section  on  the 
answer  sheet.) 

*You  can  receive  marks  for  this  question  even  if  the  previous  question  was 
answered  incorrectly. 
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The  correct  answer  to  multiple-choice  10  is  2.28  kg»m/s.  The  mass  of  the 
third  fragment  is  mc  = 575  g - (212  g + 168  g)  = 195  g = 0.195  kg.  Since 

v = — , v = H 7 m/s.  The  speed  of  the  third  fragment, 

m 0.195kg 

expressed  in  scientific  notation,  is  1.17  x 101  m/s,  so  the  value  of  b is  1.17. 
This  value  is  marked  as  being  correct  regardless  of  the  answer  to  multiple- 
choice  question  10.  The  table  below  shows  the  responses  to  multiple-choice 
question  1 0 and  the  corresponding  correct  responses  to  numerical-response 
question  4. 

If  response  to  MC  10  is  then  response  to  NR  4 is 

A 2.66 

B 1.97 

C 1.17 

D 3.13 


Assessment  of  STS  Connections 

Examination  questions  measure  the  students’  understanding  of  concepts  from 
the  Physics  20-30  Progixim  of  Studies,  Interim  1995.  Some  questions  also 
measure  the  students’  use  of  the  skills  and  thinking  processes  associated  with 
scientific  inquiiy.  In  addition,  questions  have  been  designed  to  measure 
students’  understanding  of  the  interrelationship  between  science  and 
technology  and  among  science,  technology,  and  society. 

Industries,  businesses,  and  post-secondary  institutions  in  Alberta  have  been 
helpful  in  providing  real-life  contexts  for  STS  questions,  as  well  as  in  making 
connections  between  real  life  and  the  curriculum.  The  contributions  of  these 
institutions  have  enhanced  the  quality  of  the  diploma  examination  program  in 
Alberta. 

The  development  of  test  items,  from  the  writing  stage  until  they  appear  on  an 
examination,  may  take  a couple  of  years.  For  the  2001  Physics  30  Diploma 
Examination,  we  would  like  to  recognize  the  contributions  of  the  following 
institutions: 

University  of  Alberta,  Department  of  Physics 
University  of  Alberta,  Department  of  Secondary  Education 
University  of  Calgary,  Department  of  Physics  and  Astronomy 
TransAlta 
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Assessment  of  Communication  Skills 

Communication  skills  are  assessed  most  directly  in  the  marker-scored 
questions.  For  the  open-response  question,  the  descriptions  used  in  the 
scoring  guide  include  criteria  for  assessing  communication  skills  along  with 
criteria  for  assessing  science  content.  The  scoring  criteria  for  the  open- 
response  question  can  be  found  on  page  1 8. 

The  term  communication  skills  refers  to  those  processes  by  which 
information  is  expressed  using  appropriate  conventions.  These  conventions 
include: 

• words,  sentences,  paragraphs 

• graphs,  diagrams,  tables 

• mathematical  formulas,  mathematical  and  chemical  equations 

• significant  digits,  units  of  measurement,  unit  conversion 

Conventions  that  are  considered  appropriate  for  a particular  response  are 
subject-  and  question-specific. 


Reminders  and  Explanations 

Field-test  results  for  the  2000-2001  school  year  indicate  that  students 
continue  to  improve  in  their  ability  to  organize  their  written  work  and  to 
address  all  aspects  of  the  written-response  questions.  The  reminders  that 
follow  are  based  on  concerns  that  have  been  expressed  by  field-test  teachers 
and  markers. 


Constants  Students  should  use  constants  provided  on  the  data  sheet  and  recorded  to 

three  significant  digits,  rather  than  constants  stored  in  calculators.  This  is 
important  in  order  to  obtain  correct  numerical-response  answers. 


Nuclear  Equations  The  curriculum  specifies  that  students  should  be  able  to  write  nuclear 

equations  for  alpha  and  beta  decay.  Often,  the  decay  process  results  in  the 
release  of  other  particles  such  as  neutrinos  or  positrons.  Students  are  not 
expected  to  know  the  characteristics  of  these  particles.  However,  students 
may  be  asked  to  use  information  given  to  them  regarding  these  particles  in 
order  to  determine  the  solution  to  a question. 
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Common  Graphing 
Errors 


Graphing  Procedures 


Graphing  with  a 
Graphing  Calculator 


Errors  students  commonly  make  when  graphing  and  curve  straightening 
include: 

• placing  the  manipulated  and  responding  variables  on  the  wrong  axes 

• drawing  a linear  graph  through  non-linear  data  points 

• forgetting  to  include  units  or  powers  of  1 0 when  calculating  slope  or  using 
other  averaging  techniques 

• forgetting  to  perform  algebraic  manipulation  on  units  and  powers  of  1 0 
when  doing  curve  straightening 


Some  general  guidelines  for  graphing  scientific  data  follow. 

• The  manipulated  variable  should  be  plotted  on  the  horizontal  axis,  and  the 
responding  variable  should  be  plotted  on  the  vertical  axis. 

• The  scale  for  each  axis  should  be  set  so  that  it  evenly  distributes  the 
measured  data  using  as  much  of  the  graph  as  possible.  Scales  should  be 
easy  to  read  and  evenly  divided.  All  axes  must  be  labelled  with  the 
variable  used  and  with  complete  units,  including  any  power  of  1 0. 

• The  graph  should  have  a clear  title.  This  is  usually  stated  as  “Responding 
versus  Manipulated”  variable,  with  a further  descriptor  to  help  identify  the 
data. 

• Each  data  point  should  be  plotted.  A small  circle  may  be  drawn  around 
each  plotted  point  to  indicate  that  it  is  a data  point.  Best-fit  lines  or  curves 
may  not  include  points  caused  by  experimental  error.  Best-fit  lines  or 
curves  do  not  necessarily  include  the  origin. 


The  answer  provided  by  students  who  choose  to  use  a graphing  calculator 

to  plot  the  data  and  draw  the  best-fit  line  should  include: 

• a title 

• a statement  or  label  of  the  variable  plotted  on  the  *-axis  including  units  and 
power  of  1 0 

• a statement  or  label  of  the  variable  plotted  on  the  jy-axis  including  units  and 
power  of  1 0 

• a statement  of  the  range  of  both  axes  by  recording  minimum  and  maximum 
x and  y values 

• a reasonable  sketch  of  the  calculator  display 
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Graphing  Recognition 


Students  seem  to  experience  difficulty  in  connecting  the  shape  of  a graph 
with  the  corresponding  mathematical  equation.  Students  should  recognize 
the  following  basic  relationships. 

Direct  Variation 

y y y 


Inverse  Variation 


y 


Suggestions  for  Curve 
Straightening 


One  purpose  of  graphing  data  is  to  allow  students  to  see  the  relationship 
between  variables.  Curve  straightening  is  used  to  change  a curved  graph  into 
a linear  one.  A linear  graph  provides  easy  access  to  information  on  slope  and 
intercepts.  This  method  of  data  analysis  allows  the  student  to  connect 
experimental  results  to  general  physics  principles.  Some  suggestions  for 
curve  straightening  follow. 

• Identify  the  manipulated  and  responding  variables. 

• Plot  the  data.  Identify  the  shape  and  relationship. 

• Algebraically  manipulate  one  of  the  variables  to  produce  a linear  graph. 
Include  units  and  powers  of  1 0 during  the  data  manipulation. 

Example:  The  data  from  an  experiment  is  graphed  and  the  following  graph 
results. 
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Averaging  Techniques 


Finding  Slope 
From  a Graph 


Finding  Slope  Using 
a Graphing  Calculator 


The  shape,  a parabola,  implies  a squared  relationship  between  the 
variables.  Data  manipulation  would  involve  taking  the  values 
(including  powers  of  10)  from  the  data  and  squaring  them.  Plotting  the 
revised  data  gives  a linear  graph,  as  shown  below. 

Note:  Using  formulas  from  the 
data  sheet  and  solving  for  the 
responding  variable  may  help  to 
predict  the  shape  of  the  initial 
graph  and  direct  the  data 
manipulation. 


X 


Students  should  be  made  aware  that  finding  slope  is  the  most  suitable 
averaging  procedure  we  have.  Therefore,  when  they  are  required  to  use 
an  averaging  procedure  to  analyze  data,  slope  should  be  their  first  choice. 

If  slope  is  not  used  as  an  averaging  technique,  students  should  then  use  the 
average  of  the  desired  values,  (the  weighted  mean).  They  should  not  average 
the  manipulated  and  responding  variables.  Care  must  be  taken  when  using 
these  averaging  methods  because  the  origin  or  another  non-permissible  value 
may  be  given  as  data. 


Generally,  students  understand  that  slope  is  defined  as  the  rise/run.  Some 

general  guidelines  for  finding  slope  follow. 

• Always  use  points  on  the  line  that  can  be  read  easily. 

• Data  points  should  not  be  used  in  a slope  calculation. 

• The  points  selected  should  result  in  a large  Ax  and  Ay  so  as  to  maximize 
the  accuracy  of  the  slope  calculation. 

• The  origin  should  not  be  assumed  to  be  a suitable  point. 

• Units  and  powers  of  10  given  on  the  axes  should  be  included  in  the 
calculation  and  final  answer. 

• Significant  digits  for  the  slope  are  determined  by  the  precision  of  the 
observations  recorded  in  the  data  table. 


Students  may  enter  data  points,  including  powers  of  10,  into  a table  on  their 
calculators  and  then  use  a linear  regression  program  to  determine  the  slope  of 
the  best-fit  line. 
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Examples  of  Suitable 
Averaging  Procedures 


The  complete  communication  of  this  method  should  include: 

• a statement  of  where  the  data  are  stored  in  the  calculator 

• a statement  of  how  the  variables  are  being  compared  (manipulated  vs. 
responding) 

• the  value  of  the  slope  with  appropriate  significant  digits,  powers  of  1 0,  and 
units 

The  following  example  is  taken  from  the  January  1999  Physics  30  Diploma 
Examination  to  illustrate  each  of  the  averaging  techniques. 


Use  the  following  information  to  answer  the  next  question. 


A student  performed  an  experiment  that  verified  Coulomb’s  Law  of 
Electrostatics  by  measuring  the  repulsion  between  two  charged  spheres, 
A and  B,  as  a function  of  the  separation  of  the  spheres.  The  spheres 
were  identical  in  size  and  mass.  The  measurements  are  shown  in  the 
table  of  values  and  plotted  on  the  graph  below. 


Separation  (m) 

Force  (N) 

0.10 

0.790 

0.13 

0.480 

0.20 

0.200 

0.40 

0.050 

0.60 

0.022 

Force  of  Repulsion  as  a Function  of  the  Separation 


Separation  (m) 


• Show  that  the  results  verify  Coulomb’s  Law  by  manipulating  the  data  and 
providing  a new  table  of  values  that,  when  plotted,  will  produce  a straight- 
line  graph. 
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Method  1 

Graphing  on  Paper 


Method  2 
Graphing  with  a 
Graphing  Calculator 


New  Table  of  Values 

1 / — 2\ 
2 (m  ) 

Separation 

Force  (N) 

100 

0.790 

59 

0.480 

25 

0.200 

6.3 

0.050 

2.8 

0.022 

• Plot  the  new  data  with  the  responding  variable  on  the  vertical  axis. 


Force  of  Repulsion  as  a Function  of  the 
Inverse  of  the  Separation  Squared 


Force  of  Repulsion  as  a Function  of  the 
Inverse  of  the  Separation  Squared 


^min  • 
^max  110 
Train  = -0. 1 

Tmax  — 0.9 


3' 


— in  m 2 plotted  on  x-axis 
r 

F in  N plotted  on  y-axis 
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Calculate  the  slope  of  your  graph. 


Method  1 
Finding  the  Slope 
Using  the  Best  Fit 
Line 


slope  = rise/run 


0.60  N - 0.16  N 
(76  20)  m~2 


7.86  x 10  3 N*m2 


slope  = 7.9  x 10  3 N*m2  or  consistent  with  the  graph 


Method  2 
Finding  the  Slope 
Using  a Graphing 
Calculator 


Ll  = i(m-2) 


L2  = F(N) 


r 


Use  the  linear  regression  on  the  calculator:  ( ax  + b)  LI,  L2,  Y 
The  slope  is  7.9  x 10~3N«m2 

Note:  The  definition  of  L 1 and  L2  and  the  order  they  are  used  in  the  linear 
regression  must  be  consistent. 

• Using  the  slope  value,  or  another  suitable  averaging  technique,  determine 
the  charge  on  sphere  B if  the  charge  on  sphere  A is  3.08  x 10-7  C. 


Method  1 
Slope 


= FQr"  _ slope 

?B 

7.86  x 1(T3  N.m2 


qB  = 2.8xl06Cor  consistent  with  slope 


Method  2 


p = 


Weighted  Average 


(0.790  N)(0. 10  m)2 


a N»nU  _7 

(8.99x  109  — - — )(3.08  x 10_7C) 

c2 


13 


%2 

% 

9b4 

qB5 


^B(AVE) 

^B(AVE) 

^B(AVE) 


2.853  x 1(T6  C 
2.930  x 10~6C 
2.889  x 10~6C 
2.889  x 10~6  C 
2.860  x 10“6C 

9b,  + 9b2  + 9b3  + 9b4  + 9b5 
5 

2.884  x 10"6C 
2.88  x 10~6  C 


Unsuitable  Averaging 
Technique 


The  following  method  yields  an  unreasonable  value  for  the  charge  on 
sphere  A.  This  method  is  considered  unacceptable. 


A „ . n +r2 +r? +r4 +r< 

Average  Separation=  


0.10  m + 0.13  m + 0.20  m + 0.40  m + 0.60  m 


0.286  m 


Average  Force  = 


Fj  + F 2 + F ^ + F4  + F 5 


0.790  N + 0.480  N + 0.200  N + 0.050  N + 0.022  N 

_ 

= 0.308  N 

_ *9b  AVE  9a 


F r ‘ 

_ 1 AVE  ' AVE 


>(AVE) 


*?. 


(0.308  N)(0.286  m)' 


(AVE) 


(8.99x10s  -N^)(3.08x10“6  C) 
C2 


9.10  x 10“7C 


>(AVE) 
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Numerical-Response  Questions 

Three  examples  of  numerical-response  questions  are  shown  on  this  page. 
Teachers  should  ensure  that  their  students  become  familiar  and  comfortable 
with  these  formats  before  students  write  the  Physics  30  Diploma 
Examination. 


Numerical  Response 


^3  During  the  Second  World  War,  to  help  aircraft  avoid  radar  detection, 

metal-foil  strips  cut  to  one-half  of  the  radar’s  wavelength  were  dropped  from 
the  aircraft.  These  strips  reduced  the  effectiveness  of  the  radar.  The  30.2  cm 
metal- foil  strips  were  designed  for  a radar  frequency,  expressed  in  scientific 

notation,  of  b x 10M  Hz.  The  value  of  b is . 

(Record  your  three-digit  answer  in  the  numerical-response  section  on  the 
answer  sheet.) 

Answer:  0IIZISS 


Use  the  following  information  to  answer  the  next  question. 


Types  of  EMR 

1 

Blue  light 

2 

Gamma  radiation 

3 

Radio  waves 

4 

Ultraviolet  radiation 

Numerical  Response 


| | When  the  types  of  EMR  above  are  listed  in  order  from  the  highest  energy  to 

the  lowest  energy,  the  order  is , , , and 

highest  lowest 

energy  energy 

(Record  your  four-digit  answer  in  the  numerical-response  section  on  the 
answer  sheet.) 

Answer:  CQljJEB 


Numerical  Response 


Q|  An  X-ray  tube  operates  with  a potential  difference  of  4.5  x 104  V.  The 
minimum  wavelength  of  X-rays  being  produced,  expressed  in  scientific 

“Cd 

notation,  is  a.  b x 10  m.  The  values  of  a,  b , c,  and  d are , , 

and . 

(Record  all  four  digits  of  your  answer  in  the  numerical-response  section  on 
the  answer  sheet.) 

Answer:  [^|][||7][7] 
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Written-Response  Questions 

Each  Physics  30  Diploma  Examination  has  two  written-response 
questions.  Written-response  questions  are  each  weighted  15%  of  the  total 
examination.  The  written-response  component  is  worth  30%  of  the  total 
examination.  The  machine-scored  component  is  worth  70%  of  the  total 
examination. 

The  first  written-response  question  is  an  open-response  question.  Each 
student’s  answer  to  the  open-response  question  is  scored  independently  by 
two  markers  using  the  holistic  scoring  guide.  The  holistic  scoring  guide 
describes  the  characteristics  of  the  student’s  answer  that  correspond  to  one  of 
six  values  (0,  1,  2,  3,  4,  or  5).  The  descriptor  for  each  level  addresses  the  level 
of  understanding  demonstrated  by  the  student,  the  completeness  of  the 
response,  and  the  level  to  which  the  student  communicates  his  or  her 
understanding  of  the  physics  principles  involved  in  solving  the  problem.  Each 
scoring  guide  identifies  the  major  concepts  that  a complete  answer  must 
address. 


For  an  example  of  an  open-response  question,  scoring  guide,  and  samples  of 
students’  work  see  pages  17  to  24. 

The  second  written-response  question  is  an  analytic  question.  Each  student’s 
answer  is  scored  independently  by  two  markers  using  an  anaholistic  scoring 
guide.  The  anaholistic  scoring  guide  describes  the  characteristics  of  the 
student’s  answer  that  correspond  to  one  of  six  values  (0,  1,  2,  3,  4,  or  5).  The 
descriptor  for  each  level  addresses  the  level  of  understanding  demonstrated 
by  the  student,  the  completeness  of  the  response,  and  the  level  to  which  the 
student  communicates  his  or  her  understanding  of  the  physics  principles 
involved  in  solving  the  problem.  Each  scoring  guide  identifies  the  four 
major  concepts  that  a complete  answer  must  address. 

For  a sample  of  an  analytic  question,  a sample  anaholistic  scoring  guide,  and 
samples  of  students’  work,  see  pages  25  to  30. 

For  both  written-response  questions,  the  scores  are  obtained  by  two 
independent  markers.  If  these  scores  vary  by  2 or  more,  the  scores  are 
classified  as  discrepant.  Responses  that  have  discrepant  scores  are  read  by  a 
third  marker.  The  third  marker  must  assign  a score  that  is  equal  to  one  of  the 
scores  of  the  first  two  markers  or  that  is  between  these  scores. 

A summary  of  the  calculation  for  a discrepant  paper  follows. 

Content:  Marker  1 assigned  a score  of  1 out  of  5 marks 
Marker  2 assigned  a score  of  3 out  of  5 marks 
Marker  3 must  assign  a score  of  1,  2,  or  3. 
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Sample  Open-Response  Question,  Solution,  Scoring  Guide, 
Students  ’ Responses,  and  Rationales 


Written-Response 
Question  1,  June  1998 


Use  the  following  information  to  answer  the  next  question. 


A site  contains  soil  that  is  radioactive.  The  soil  may  be  emitting  one  or  more  of 
alpha  particles,  beta  particles,  or  gamma  rays.  As  the  physics  expert  for  the 
clean-up  crew,  you  have  been  provided  with  a sample  of  the  soil  for  analysis. 

The  sample  is  placed  inside  a specially  designed  container  that  permits  radiation 
particles  and  rays  to  exit  only  in  a straight-line  path.  Y our  laboratory  contains  all 
other  necessary  apparatus. 


| 1.  | Describe  a procedure  for  determining  which  types  of  radiation  are  being 

emitted  by  the  soil  sample.  Include: 

• a safety  note  to  the  rest  of  the  clean-up  crew  describing 
the  dangers  associated  with  one  of  the  three  forms  of 
radiation 

• a description  of  the  method  you  would  use  to  identify 
alpha  particles,  beta  particles,  and  gamma  rays 

• an  explanation  of  how  you  would  use  your  results  to 
identify  the  types  of  radiation  emitted  by  the  soil 
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Scoring  Guide  for  Holistic  Questions 


Major  Concepts:  Magnetic  field  direction;  Effect  of  an  external  magnetic  field  on  moving  charges; 

Experimental  design 


Score 

Criteria 

5 

• The  student  provides  a complete  solution  that  covers  the  full  scope  of  the  question. 
- The  reader  has  no  difficulty  following  the  strategy  or  solution  presented  by  the 
student. 

Excellent 

- Statements  made  in  the  response  are  supported  explicitly  but  may  contain  minor 
errors  or  have  minor  omissions. 

In  the  response,  the  student  uses  major  physics  generalizations  such  as  balanced  or 
unbalanced  forces  and  conservation  laws.  The  student  applies  knowledge  from  one 
area  of  physics  to  another. 

4 

• The  student  provides  a solution  to  the  significant  parts  of  the  question. 

- The  reader  may  have  some  difficulty  following  the  strategy  or  solution  presented 
by  the  student. 

Good 

- Statements  made  in  the  response  are  supported  implicitly  and  may  contain  errors. 
In  the  response,  the  student  uses  major  physics  generalizations.  The  response  is  mostly 
complete,  mostly  correct,  and  contains  some  application  of  physics  knowledge. 

3 

• The  student  provides  a solution  in  which  he/she  has  made  significant  progress  toward 
answering  the  question. 

- The  reader  has  difficulty  following  the  strategy  or  solution  presented  by  the 
student. 

Satisfactory 

- Statements  made  in  the  response  may  be  open  to  interpretation  and  may  lack 
support. 

In  the  response,  the  student  uses  item-specific  methods  that  reflect  a knowledge-based 
approach,  but  the  student  does  not  apply  them  to  the  question. 

2 

• The  student  provides  a solution  in  which  he/she  has  made  some  progress  toward 
answering  the  question. 

Limited 

- Statements  made  in  the  response  lack  support. 

In  the  response,  the  student  uses  an  item-specific  method. 

1 

Poor 

• The  student  provides  a solution  that  contains  a relevant  statement  that  begins  to 
answer  the  question. 

0 

Insufficient 

• The  student  provides  a solution  that  is  invalid  for  the  question. 

NR 

No  response  is  given. 
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Student  Response  1 


5>oSiey  A laic  4o  Members  of  CrevsL 
~ pUaQ^e  vJear  topipcxn^  lewd  6uifs  to  protect 
-from  radfafed  ao»'l. 

- cdyjctujs  have  ^\erqcr- Mailer  Countirs  or\  •*  ready 

- radiation  hreahs  dou>n  genetic  rnatin'oC  CbKifi) 

- Keep  soil  oumx|  -from  yonaAs 


Mai 

- 6oii  container 

- d-ecki  caS  conec-tions 

- vaciMYte  tube.  to(4A.  parallel  p\atieS>  curd  -plcuf&cent, 

r Screen 

- tolfafe  scarce 

- vacume  pump 


Appambs 


,e\/acuatid 
-kibe 


FioufcxenS 

•Screen 


\j^~  ] meume 


pump 


I.  + 3 . be-fkeW  po^ft*  of  parhei-e  or  ray. 
N0T£-  uihen  6ojl  ConfeuVjer  tS  placed  tusk! e., -there 

16  an  <a»y 


■5,r“  aifha'  1»rhcla,aa  p*,.+,«,  fcfa.  portaks 
art  napAive,  anA  gamma  rays  art  Dental,  m. 
C.aa  -rhe  aW  apparak,^  -to  dafcrmmp  * k,ge 
Of  -*e  (mkrourn  parb'd&or  ptq.  depend, DJ  en 
■rfie  def/ectat  pa#,  of  #,e  unknown  nUtak*,, 

U)t  crux.  Con  fer  kbad : 


*•  hf  4bc  emitted  radiation  fo/fovued  -the  deflection 
por*b  Hi  -then  it  pnusb  have  cl  -positive  ctaxp. 
Since  (6  is  pulled  touxsnd  the  fiegauh'vt  phde. 
Therefore,  it  imudrt  be  o-  ({Lpftft  PfleTtat 
3-  If  -Hie  emitted  rad  reckon  followed  Ato  deflection 
and  tottoueed  path  if  3,  fhenit  must  be  neuhai 
Stnce  it  i6  not  effective  by  -the  ctecti/c  Held.  The*.- 
■fore,  Li  uxwdd  be.  (ZfiMMfl  fi)Y 
3 if  the  emitted  radiation  fo Homed  -the  defection 
pa-di  it 3 fben  it  must  have  a,  negative 
Charge  Since  It  is  polled  toward  tihe  positive, 
pla-h.  Therefore,  it  mould  be  cl  BCTfi  ffHLTtaf 

If  -there  is  more  than  one  type  of  scatter  ,ng 
in  -the  fedbe,  then  there  is  more  dhxn  one 
type  cf  radiation  in  +be  boil 


Score  - 5 
Rationale 

The  student  provides  a 
complete  solution  that 
covers  the  full  scope  of  the 
question.  In  doing  so,  the 
student  provides  a safety 
note,  a procedure  for 
determining  which  types 
of  radiation  are  being 
emitted,  and  an 
explanation  of  how  to 
interpret  the  results  in 
order  to  identify  the  types 
of  radiation.  Statements 
made  in  the  response  are 
complete,  well  organized, 
and  supported  explicitly. 
The  student  uses  an 
appropriate  method  that 
reflects  an  excellent 
understanding  of  the  major 
concepts  and  indicates 
where  these  concepts 
apply  to  the  solution. 

There  is  a weakness  in  the 
analysis  of  the 
observations  in  that  the 
fluorescent  screen  would 
show  impact  points,  not 
deflection  paths. 

However,  the  use  of 
physics  principles  to 
explain  the  paths 
overcomes  this  weakness, 
and  the  response  receives 
full  marks. 
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Student  Response  2 


The  of <ja mpr\o>  fays  are  os  follows* 

'destroy  chemical  bond  in  hsnNcy  cells 
~ can^e  cancer 


" tle^Jrrte  ftelA  iobe/yd  a I bln-  and 
p3r4icifiS  . *7At3  Con  i&  d onB  oecOjLiSQ  bolh  Glpf& 
Ond  hedas porhdes  are  ebary^d  particles ; 
'fhy  w*li  atfrtxoh-fo  onS  o£  -Me  edeefrne  y/ak 

" Tdab  jammer  my  Aas  no  ebay  0,  . 7%us  'b  vsl/l 
Jo  ^Lraiykt-  ^ Ae  <JeJecl-/?y  (kiAcQ 

9 To  c/t'krume  Me  iypes  *f  ract^fion  : 

~'-f  cl  i?ea  nn  J?£nd^>  fouuord  Q.  jpodbve platd^ 
d is  cc  yxjtrfic/es  decaa/xz 

par-hcle  has  /)ppti£\yte  charjt 

~ /f  cl  h>£arvi  fxyicis  -/oudOrA  a neycefty/e y> /&(£.■> 
*t  IS  a/pfn  pcxrt/cleS  b(>caujs&'  o/phx  porhete 
has  jaoslhyfe  cba/yc 
- lb  d beann  O0££>  sAt}y£i~  thy* 

efecbrtc  fie/dj  if/s  c.  yo/^r^)L  rays 

be  ca uS  <yc?n*Anfr  ftxyS  hoop  h*  Anarjc  ^ 

VJ(  l foodie,  affackd  by  deefeejne  field  . 


Score  - 4 

Rationale 

The  student  covers 
significant  parts  of  the 
question.  The  safety  n 
is  clearly  stated.  Then 
an  explicit  relationship 
between  the  diagram  a 
the  student’s  final  bull 
The  student  uses  an 
appropriate  method  ths 
mainly  correct  and 
complete.  The  student 
explicitly  states  the 
physics  principle  behir 
the  analysis  of  the 
observations.  The  stuc 
correctly  relates  the 
nature  of  the  charge  to 
radiation  type  and  to  tl 
effect  of  the  external 
electric  field.  The 
weakness  in  this  respo 
is  in  the  description  of 
method  of  detecting  th 
radiation.  This  part  of 
response  is  incomplete 
and  lacks  support.  Th< 
beta  and  alpha  particle 
are  not  detected  at  all, 
the  gamma  radiation  h 
a “detecting  device.” 
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Student  Response  3 


Score  - 3 


wfjEjy  Norc  *■ 

U'XcAUT/oa)  AROufOD  Tttt  CLEflp  up  51  tX  /£, 

h>m  p£t}iTRfiri*>£>  Rflys  At?t  rfesEtur. 

7 7V/5  Fw2M  of  £mc>  tel£c-m/*fi<iAiBTio  Qmmov) 
/ S fiZOpUCZD  )/V  CASE  oF  /ZAp'0/4cnu£  pZcfy 

ftL0/O&  LaJITH  AL#//}  OQ  &£7YI  AAPT/cLE^  ^ 

-r/fe/zeF^tr  zct  /s  azzsEa/t  hEclE^ 

f]E^ET/Zfb-r/f06}  s?e/<L/-ry /$  ppE  “To  ~n*t~ 

Y of  /ts  px/otd «J$ (F/6rtf  fteQubty 
& GtfoZrt  UJAV&&W1V)  A/Ob  CM)  &WLV  &y>  S7cfpEp 
By  F///c/c  FPEBTc  op  L£Ap  (OWZRMftE&te 
5r^4WW  Ffiys  QiJjT  FPAT)  /S  / EE 
COMmo\)LV  US£Z?oNB)-'  VCP&UP'E'  rd)  6MW 
fiftp/AKon  cA>n>  to  cAmiXR  as  f^E 
///6//  PAJ&PGy  (°HO-ron/S  QHO  MTA'lL 
1IVI/UC,  cells  . 


^>^vT/icy^o  AL£Md  Qc/D_  &£TA  part)c£>  : 

vOOVUD  SET uP  AA>  AfPfl/ZATUS  aJWiT>A)L?  or 
-tfte  t£fi&/rr?/cyO  scx/Rct,  a OeiOcijw  SELEcrpA- 

(r£RF&MD/cuLAP  snaa/ve~rr  A/Vp  eiECTlZic 

p/£LD5)nnJQ  ArorMBR  jAA6tverrt  neu?  u>/-ryy 


&fFL<Z£A<L  *c<io<£> 


Rationale 

The  student  made  progress 
toward  answering  the 
question.  The  safety  note 
identifying  the  danger  of 
cell  mutation  from  gamma 
radiation  is  clear;  however, 
the  statement  that 
“(electromagnetic 
radiation)  is  produced  in 
any  case  of  radioactive 
decay”  presents  a minor 
inaccuracy.  The 
procedures  for  detecting 
the  presence  of  alpha,  beta, 
and  gamma  radiation  are 
present  and  can  be 
followed  by  the  reader. 
However,  the  student 
demonstrates  a limited 
understanding  of  the  effect 
of  the  external  fields  on 
moving  charged  particles. 
The  velocity  selector  and 
external  magnetic  field 
will  produce  a beam  of 
charged  particles  that  hit 
the  collector  strip.  In 
order  to  use  the  same 
apparatus  for  oppositely 
charged  types  of  radiation, 
changes  would  need  to  be 
made  to  the  battery  and  to 
the  second  magnetic  field, 
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Student  Response  3 (Continued) 


4T  T&  /ffiWWTi c6  MJt  W,5U) 

THfe  AAA6A>&  T 1C  fO&L&'b  TUC  C&UTfy PtCAC  Ctect-J 
/S  (3  ALL  T*w  T /$  40**5  <?v  r//^ 
u/vMcJ^  rttGTMS S lGWtTy/sh*4k*> 

COM****). 

c^i/e>  - wy 

5 /nid 
A /S'r 

ZF  ujE  ro  f-top  &£TA  PAFTT/clSS ( 

UJF  t/lAH/T  MASS  Ft  r JF£  FVt$} 
ezec-% (Zotb  . iP  *2  ' "/-6)+A>'"fc)  ~Z7Z£A)  &£ TFtr 

Afl-O/A-noP  /S  Pf&S&Of,  (HAJ./UM 

Fod  f'ASSMAJb  ALPPA  PAP  rzu.  c- 

^ </e  ^ ^ Jti 

*«*»«  ******  * 2 r***  5 

tT7-*®  (*e&ST- 

-rue  0ia.£oToft  STRlf  IQ  /J(p[AC,flI67lc^ll3-t)  V7)0 

Lt&°i 

A,  FoOr> D A&vftfSC  Ujfc 


O'V^^S  FbO^O  fFcau  s€  hj£  K**3^ 

//0  -US  omurYS&JZ-loR* 

tr,  - «W  i y/AT 

f-^6.  ' 


f eL£ciri~ic.  - 


- <*(,£*  y***^ 

' ^ i^y/^<ii>c^/“or  ^ ^p/ 


0^  J/tciio£  vgcft\>.  TO  Z&fc'f 

Tt/T/4  u£ 

'FTbrP>oA£c7FLtc  veOJtce  . 

c^mnot  me' 

^ JT»  r/i 


^^^y^OAJc,oe^^yAA/t>E^Af 

VOiOuZcft  ruse#  >F  •' f “ 0**'rcH£S  $o  *+*<*■ 


and  fine-tuning  would 
need  to  be  done  on  the 
fields  in  the  velocity 
selector.  Without  a 
method  to  measure  the 
radius  of  the  particle  pa 
the  procedure  does  not 
produce  the  measureme 
required  for  the  analysi: 
The  student  has  not 
provided  a method  of 
identifying  the  radiatioi 
types  present  in  a samp 
this  is  a major  omission 
The  photoelectric  effeci 
apparatus  is  a poor  choi 
for  detecting  gamma 
radiation.  In  addition,  t 
description  of  the  physi 
of  the  photoelectric  efft 
is  incorrect.  The  studei 
identification  of  the  wo 
function  is  wrong,  and  1 
student  didn’t  include  tl 
work  function  when  usi 
Einstein’s  equation. 
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Student  Response  4 


a)  WA ffN/AlGr  | — * bUis  sample,  ra*  y conU  .o 

radiflach^  substances  /ncUtdincj 
p oit/tfaa  l (y  barr^tful  ^iays  . 

Kxys  Aave  been.  Oo-Ted  os 

b&r\a  fully cfefrZtc/'V^B  d QOt/7 

CQtc^e  tbe/nuka-han  of  cells,  noieoUj 

cells . Use  of  alt pro^cfi^C 

c/6or  is  Accessory, 

•fb/chnAfy  a/pfoor  befaparhcleS  or 
rays  c£  c tectxy  Gfei A d Ac prf/^d 

0/ 7 £<  VJcU  KncnzJH  c/eMenf~ t us /if)  ff^ 
t-e<LUL-if~  Cori  0/ol  d/P\p  psl?S&A<&  of~ 

ofoAc*  or  fefee  p>as-fc  fes  , dr  yo*wAc^ 


fays. 

X 2&f/  /prooVzS  a^L 

CX  *)  /Qy  U//T  t//?3  -/  ^ /Vfe1  ( preset  <sf 

&/yfayxjtl filths  ) 

/}/sOy  ca/eu  /<*  bos? 5 C&u  fc/  Ae  w*  J&  /o 
afe&nmne  //&  ^iass  ' ^ cTasye^  or 
u>a<M/eriy//  &/ jcrese/r/ /oor  trcAzS  /r<*ys 

^ farmer /oko/)/y  /%t  /y/g&f  fadiaj/a/) 

ps&rt.  ' 


Score  - 1 
Rationale 

The  student  provides  a 
solution  that  contains  a 
relevant  statement  that 
begins  to  answer  the 
question.  The  response 
contains  a clear  safety  note 
relating  gamma  radiation 
to  cell  damage.  The 
student,  however,  presents 
an  incorrect  strategy  with 
little  detail.  In  the 
response,  the  student  uses 
a method  that  is 
inappropriate  for  the 
question.  No  method  of 
interpreting  results  of  the 
experiment  to  identify  the 
type  of  radiation  is  given. 

Illltt 

II 
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Student  Response  5 


- -+hsAL>  caaleUn  haxr*jjui 

AoLeLukjh &vc>  , <^Anurtou  ^P(j?ax)^  puijoljujL 

ujJbe^U  J^jOLncUlb^. 

" J-  ufUccld  UaHs  Ou  4i&t  -<up  xUrn^JaXO  Jo 
^uJkjy^diAci  A>  (fydd  -ftul  j^fUAbrrzje^^ . j&incU 
^icicU'cuht^O  JlYJ-haJ  the,  CAfttGu^nxA)  xd)  ay  wfaaJcfkt 
'fXotfa  , 1 C&uld  yoAocjict  they  {AaebccJ/'cr*-* 
HuaMAoLqA  cjj  (JxasJiqjl,  to  (pl^J^A^rtu^u)  s lutX 
-jjz^xxxMsu^  sf,  thd  AaiUlcch'evO . 

A#  AWu~j  -Ju'fiJi  J -f&LcritJ  'dies  yoAejaHftHO  <j y ^auuna, 
. Alphas  ^oaJjcjU^j  OMt  UTaJktyrtj^  Mul 

MelLLtrrv.  7q  cU)kAATLCfit>  'dtexr  JMxaJ2**xj,  J_  u/eutld 

GnmyalLfa  0L0  CL  oU'aJJ/id/Qji'c  Jed  ^dcusJt 
<&etas  pOfukcUsu-  -fade.  hstxjiiAxJ  &f_  nJuyx,  and 
Jiloocuy  &n*y  dLA^a^tisA-rrO . Xj,  thts  gA^ajtMJTL 

xo^ruat  JndA~rnxd  th&rO  Jetra*  yoaAsb'd^s  ajw  .pyaxuuJ. 

ujhaUr  they  so&CL  ytxxel)  a^j,  , 1 unuld 
yao&xulljj  ^end  out  alhaJ  this  &£Ltl  vucuu 

4fyk)/ULd  io  to  -make  J6  <jOM  fifjj  t fun  AaMaJrfao 
Jtln&uJ  dial  uLhaleAWo  u/a/v  ^cposeeL  fa  ujclaj 
Js&hSrrnM^  bufaoOZldU6  fa)  fyAMs  jOnUTlds  MJXU  . 

1 (Atfjuld  -falls  <£OLntfijU*j  fij,  sfl&Kswd  0ul  oond 
Wposts  xt  to  titty  ^nwat  Jads'oouJuo  srmfan'aJUy, 
&*j  iM^rrz^nctZTosiy  , oLeJxlsrijorzx?  tohdX  Jiafjixrud' 

+v  din  Atu^cnal  MidlstldlttUf  juul 


Score  - 0 

Rationale 

In  this  response,  the 
student  provides  a solut 
that  is  invalid  for  the 
question.  The  student 
presents  a safety  note 
identifying  gamma 
radiation  as  being  harm 
but  fails  to  describe  the 
dangers  associated  with 
this  form  of  radiation, 
student  presents  a meth 
for  determining  the  typ< 
of  radiation  that  reflect* 
little  or  no  understandir 
of  the  major  concepts. 
The  student  has  attempi 
to  present  procedures,  l 
the  observations  are 
inconsistent  with  the 
apparatus  and  the  analy 
The  Rutherford 
experiment  will  not 
measure  gamma 
frequencies.  The  heliui 
diagnostic  test  would 
work,  but  the  student  d< 
not  explain  it.  The  bets 
identification  procedure 
invalid:  it  could  suppor 
beta  radiation,  alpha 
radiation,  or  no  emissio 
of  radiation. 
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Sample  Analytic  Question,  Solution,  Scoring  Guide,  Students’  Responses,  and 
Rationales 


Written-Response 
Question  2,  January  1998 


A compact  car  with  a mass  of  1 .0  x 103  kg  is  moving  at  1 .0  x 101  m/s  north 
along  a single-lane  road.  At  the  same  time,  a full-size  car  with  a mass  of 
2.0  x 103  kg  is  moving  at  8.0  m/s  south  along  the  same  road.  The  two  cars 
collide  head-on.  Immediately  after  the  collision,  the  compact  car  has  a 
velocity  of  4.0  m/s  south.  The  interaction  lasted  8.0  x 10“2  s. 

• Determine  the  speed  and  direction  of  the  full-size  car  immediately  after  the 
collision. 

• Show  that  the  collision  was  not  elastic. 

• Determine  the  magnitudes  and  the  directions  of  the  average  forces  of 
impact  on  the  compact  car  and  on  the  full-size  car. 

Clearly  communicate  your  understanding  of  the  physics  principles  that 
you  are  using  to  solve  this  question.  You  may  communicate  this 
understanding  mathematically,  graphically,  and/or  with  written 
statements. 


Sample  Solution 

• Determine  the  speed  and  direction  of  the  full-size  car  immediately  after  the 
collision. 


Momentum  before  collision  must  equal  momentum  after  collision. 

^ Pi  = ^ Pi  • one  dimensional  problem  N + 

S - 


wlvli+w2v2i=wlvlf  +m2v2f 


v2f 


mlvli  + w2v 2i  ~m'v 


Vlf 


flh 


(1.0  x 103kg)(1.0  x 101  m/s)  + (2.0  x 103kg)(-8.0m/s)  - (1.0  x 103kg)(^1.0m/s) 


v2f 


2.0  x 10  kg 


v2f  =-1.0  m/s 


The  velocity  of  the  full-size  car  is  1.0  m/s  south. 


• Show  that  the  collision  was  not  elastic. 

If  the  collision  is  elastic,  then  kinetic  energy  is  conserved. 
Y^ki  = ^kf  ^ the  collision  is  elastic. 

Z£k,  = \m1vli2+km2v2i2 
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££k  i = |(1.0xl03kg)(1.0xl0‘m/s)2+  j (2.0  x 103  kg)(8.0  m/s)2 
]T£ki  = 1.14  X 105  J 
££ki  = 1.1  x 105  J 

Y'  r 1 2.1  2 

kf  - - + j m2v2f 

££kf  = ^(1.0xl03kg)(4.0m/s)2  + |(2.0xl03kg)(1.0m/s)2 
££kf  = 9.0  x 103  J 

Since  ^ iski  > ^ £kf  , the  collision  was  inelastic. 

• Determine  the  magnitudes  and  the  directions  of  the  average  forces  of 
impact  on  the  compact  car  and  on  the  full-size  car. 

The  force  on  the  compact  car  The  force  on  the  full-size  car 

is  given  by 

p,  _(2.0x  103kg)(-1.0m/s-(-8.0m/s)) 
8.0  x l(T2s 


= ^(%-Vij) 

At 

= (1.0  x 103kg)(-4.0  m/s  - 1 .0  x 101  m/s)  F=18xl05N 
8.0  x 10  :s 

F = -1.8  x 105  N 

The  magnitude  of  the  force  on  the  compact  car  is  1.8  x 105  N,  and  the 
direction  is  south.  Since  the  forces  on  the  compact  car  and  the  full-size  car 
are  an  action-reaction  pair,  the  magnitude  of  the  force  on  the  full-size  car  is 
1.8  x 105  N and  its  direction  is  north. 


is  given  by 
FAt  = mAv 
F _ mAv 

F 1 Ur 
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Scoring  Guide  for  Anaholistic  Questions 


Major  Concepts:  Graphing  data;  Calculation  of  slope  and  identifying  physics  quantity; 

Balanced  Forces;  Data  Analysis 

Score 

Criteria 

5 

In  the  response,  the  student 

• uses  an  appropriate  method  that  reflects  an  excellent  understanding  of  all  major  concepts 

• provides  a complete  description  of  the  method  used  and  shows  a complete  solution  for  the 
problem 

• states  formulas  explicitly 

• may  make  a minor  error,  omission,  or  inconsistency;  however,  this  does  not  hinder  the 
understanding  of  the  physics  content 

• draws  diagrams  that  are  appropriate,  correct,  and  complete 

• may  have  an  error  in  significant  digits  or  rounding 

4 

In  the  response,  the  student 

• uses  an  appropriate  method  that  reflects  a good  understanding  of  all  major  concepts  or  that 
reflects  an  excellent  understanding  of  three  of  the  major  concepts 

• provides  explanations  that  are  correct  and  detailed 

• states  most  formulas  explicitly  and  applies  them  correctly 

• makes  minor  errors,  omissions,  or  inconsistencies  in  calculations  and/or  substitutions;  however, 
these  do  not  hinder  the  understanding  of  the  physics  content 

• draws  most  diagrams  appropriately,  correctly,  and  completely 

• may  have  errors  in  units,  significant  digits,  rounding,  or  graphing 

3 

In  the  response,  the  student 

• uses  an  appropriate  method  that  reflects  a basic  understanding  of  all  four  of  the  major  concepts 
or  that  reflects  a good  understanding  of  three  of  the  major  concepts 

• uses  an  appropriate  method  that  reflects  an  excellent  understanding  of  two  of  the  major 
concepts  and  that  reflects  a basic  understanding  of  one  of  the  two  remaining  concepts 

• uses  formulas  and/or  diagrams  that  may  be  implicit,  and  these  are  applied  correctly;  however, 
errors  in  calculations  and/or  substitutions  that  hinder  the  understanding  of  the  physics  content  are 
present 

• provides  explanations  that  are  correct  but  lack  detail 

• has  a major  omission  or  inconsistency 

2 

In  the  response,  the  student 

• uses  an  appropriate  method  that  reflects  a basic  understanding  of  three  of  the  four  major 
concepts  or  that  reflects  a good  understanding  of  two  of  the  major  concepts 

• gives  formulas  and/or  diagrams  that  are  implicitly  correct;  however,  they  are  not  applied  to 
determine  the  final  solution  or  errors  in  the  application  of  equations  are  present,  but  the  answer  is 
consistent  with  calculated  results 

1 

In  the  response,  the  student 

• attempts  at  least  two  of  the  major  concepts  or  uses  an  appropriate  method  that  reflects  a good 
understanding  of  one  of  the  major  concepts 

• makes  errors  in  the  formulas,  diagrams,  and/or  explanations,  and  the  answer  is  not  consistent  with 
calculated  results 

0 

In  the  response,  the  student 

• identifies  an  area  of  physics  that  does  not  apply  to  the  major  concepts 

• uses  inappropriate  formulas,  diagrams,  and/or  explanations 

NR 

No  response  is  given. 
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Student  Response  1 


6 t=y„,W 

I ^ 4l  2*  j 

* € . I Ib^T wo<»e«kimh££^ 

N women -km 


%'howto  " rp{lh>'<>"  rrwjJ^ 

nf4"  caiU^j^L 


Cac*  Z 


W 


| <s  V^tO/nlCf 

Car*'  car*2.  Car* 
rf\i  vi  + n%  Vc  * fOfi % + MfVf 

( I’OHfyX-toqi)  +(j.oa/o\)( &0a)s(uot&$4*>g)  t|aW^ 
^ k$Vs  f I, b x «A$/%  r 4.0  X to\mts  t<?  Wig  ^ 

U.OAW^m/s  = H.Ox«?fcjfl/si-3.ox,A3 

*“**»■*« 

Vf  - /.o^/s 


mf¥l  . N,  Cflr4l^  5 
*>3.c*k^5  ' m^  ox/t?  kfl 
V = I.O.'nk  v 


C^r#2ujtf4  movi/ij  ai  l-Og  £^4haftf 


£(^sf76  Colleton  rvirans  4M  KiMic  befnte - Ew>r$]  Afar 


C ar*  2 


QxcS\ 

i^2 


Car#2 


Car*  I 

a rft*  ^ v 

£ O'5*'^ ^ _'oV  +■  £(2-ox/o5y 8.oyU  i £|,o;v05)(  + iUo^YlDf 

-5.<W:s  + t dx/o11^  - g.ox/0^3  i- \^x/dsT 

before  afUf 

F4*/oa3  = <?.0X/03-f 

S.OKiD^J  0f  £^r£}t|  uJ ere  lo*t  during  Collision 
•’•indasiic  &Ati6»0«  because  energy  bekt  & d»A  °iua* 
emre^  a{ftr 

A\Zg  Force  <£  frnpoct 
F At  - m Av 


<*r*i  Fa.o*f0*<>)  ~O.0X/^fc^(-lflg-4<g) 

F - ) . 16  x /<f  Kl  icxu  4be  a ^ Wee  0A 

4^e  car  dur/n^  tallfci'eCWa  a fiar^1  difccfc*** 

Cat^Z  Fti  =•  rn  A\/ 

F (gd>/u0asV  8.0§  - |.o§) 

P = \Ff5*/c?N/  +he  *&«£  exerl<rd 

oo'fot  car  in  a dlfCcHon  dunnj 

Co|lit>iO/7- 


Score  - 4 
Rationale 

By  providing  formulas, 
diagrams,  and  statements, 
the  student  reveals  an 
excellent  understanding  of 
physics  concepts  and 
communication  skills.  The 
treatment  of  vectors  in  the 
response  is  excellent.  The 
student  establishes  a sign 
convention  (e.g.,  south  is 
positive)  and  uses  it 
consistently.  The 
explanation  of  the 
conservation  of  momentum 
concept  is  also  excellent. 
Formulas,  substitutions, 
and  a statement  of  outcome 
are  all  present.  The 
response  shows  a good 
understanding  of  inelastic 
collisions,  but  it  contains 
an  arithmetic  error 
(negative  energy)  and  a 
mathematical  error 
(equating  unequal  values). 
These  do  not  hinder  the 
understanding  of  the 
physics  concepts.  The 
student  shows  a good 
understanding  of  forces  by 
providing  formulas  and 
statements.  However,  the 
force  calculations  contain 
an  error  in  the  reversed 
substitution  into  Av.  This 
results  in  both  forces  being 
identical  in  size  and 
direction,  which  creates  a 
minor  error. 
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Student  Response  2 


C/s.ac,  -+U 

3 , r « W<>  <-AMJ 

«2knc4  '/-kf  r»u wJZa  v A4,  (/  4-  >*1?  c/z  - *1,  ✓,  **/tzu'i. 

J ^ ^ ^ 

CL^Ua  -U*  Co// 1 i • CVS  . Ctf.Aj  A </to 

i^.c-4-  «c('i.-/.vv  9 c«— 

c/i>€c^av  . 

14.-  wk 


4. 


i-  i 

T-,  i 

A//*-, 

4 'f,  ^ : W,*C  4*tj^ 

/oooitj  * /o~/i  * 2<w©4y » * s *»/I  1 + ^cxju ^ 

-<i.OcJO  ^5~/s  - -A'ooo  k j«/r  ■<  2oookjJc^ 


•+  V<%>0 


/ »«0  lK/f 


-Zoooky^  . tj-/r  V w /7TT77^7 

2.eoo  txjh*/f  " ""  1 

^Jkj  (Lit  C«u  'U***//‘  «j  /.O  koi*j/ 

rwV  -5  da 5 ^ Lf 


Ccn-«  5^, 


Score  - 3 
Rationale 

The  response  reveals  an 
excellent  understanding  of 
conservation  of 


/Ujh-t. 

/*1-  = 'OoO 

^ - 

Uu, 

/o&o  4 ^ 

momentum:  it  provides  a 
supporting  statement, 
formulas,  correct 

{/'  z /c>  ~v,  Aj 

(/,  -- 

substitutions,  and  a answer 

^ L ' 

mz  * 

2°oo  4^ 

consistent  with  those 

^ 1 * -V,  i 

i/z  - 

? 

substitutions.  An  excellent 

ULn 

4;  - ‘nA'% 

* i 

- '°‘oLs„ 

5 /.ly*,osS 

•2  ^ 2 

7L*  ^(or*  4b 

1 S ^MkIc, 

So  c.//s .c^  s no-/ 

Jilts/,  c . 

-5  Ca_^  -C.^J 

Ct  tv.  CPVV  Qj*.c/  C<t/\ 

Ce~i4  d ^ au  . >'otx>4f  * f/o> «/,  ) 

. <1 

1 U ^ 

1 1 *15  < ^ ©«/j) 

* 0.0^5 

* ooSj 

F=  /OTx  /Or  ^ |0or4.U 

1 F«  Joy.o5 

aJ 

vw\a^»\:  •W<4t  c( . r<-c^.jvv  l 

<*/ 

-■/  ■/» r cto 

understanding  of  inelastic 
collisions  is  shown  in  the 
statement,  formulas,  and 
comparison  of  kinetic 
energy  before  and  after  the 
collision.  The  student 
shows  a good 
understanding  of  vectors 
by  using  directions 
correctly  in  the  momentum 
calculations;  however,  this 
understanding  is  not 
evident  in  the  force 
calculations.  The 
understanding  of  the  major 
concept  of  forces  is  basic  , 
as  shown  in  the  student’s 
use  of  the  incorrect 
substitution  of  Vi  for  Av. 
This  incorrect  substitution 
shows  an  incomplete 
understanding  of  physics 
concepts. 


ZacL 
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Student  Response  3 

'Victor  dl  aytt»yi 
Before 

<£>> 


/ S&/ 

X ^ 

A ,c> 

/ fj 

i xo-  c r 
<£  * 


Vector-  Add  • tiaC  X>i 


agram 


l 

/ /*/ 

W'  <j» 

Xf 

*/Y 

%*  ,'P-  ^ 


After 


f <F  .£- 


y /V 


fiivavs 

© rt),  = l.o  <ie>3k0 
V,  - I 'O  <lO  r*ys 
= a.o//o\g 

r «-0  rt/s 

**l’  = 4.0«l/s 


OnknouJftS 
* Va'  - ? 


CD  f°'>WiiW 


f»  * Px  = ft'  +*P2 

m,V,  + nr)jVz  - rtl.V,  + no  V ' 


(J)  Solvfeti  ■fiarwinU 


M,V,  + -nt.V/  , 


m.v.  + 

>2/  «x  . " * 

"ya'  = (t  onoty)  (lorio  m/s')  + froxobj)  (sWsl  -(/■o*/okg)(4,o«/if) 

S-OA/O^k^ 

Vj‘  - ii  .Ort^j,  r«3 

* n/  - VtloceKj  offer  collision  (Compact  car) 

■f  Vj  = veloafj  offer  collision  (-Tull  sire  car} 

•*-  p,  = fe+al  momenlom  todotc  CoU<S*on 

♦ p2  = -Mai  Moovcofem  ofier  folks**1 

According  to  the  lavs  of  kn^yahon  of  «*93  and  «o*i e-lW  tuU  m«ent»*i  hdoce.  **  collision 
e?*ds  to£n/  momentum  after  ^ Cb///Si0ft  7^fc  Cor  gn*?rt  the  velocities  b^ofe  atuij'mev,  tiu. 
of  the  okjcrts  om.  can  -fiYid  du.  tefoafcj  of  ^ ebwt  IL  usin g tfee  W/wafa,  t,+?ar  p/+ £ 

i The  colli3>nT,  alas  nn/  ela.dic  Ld'aase.  in  an  elastic  collision  both  energy  and.  ryionrefliom  Me 
conserved  txrt  it)  Ibis  Collision  only  McrtenbJM  ukxt>  Consented  and  Hu  enetg<j  u»s  /°s^ 
<iu«  tv  foot  t Sootid  etc 


fttrracje  Tortrs 
or  compart  Cat 


T ult  SiTe  ca  C 


favy  = V F* 

- mqf  + r(\y^ 
2 


kP*fk 

nftjtn  + rtV* 
2 


Score  - 2 
Rationale 

The  student  attempts 
vector  analysis  by 
providing  diagrams. 
However,  no  attempt  is 
made  to  incorporate  the 
meaning  of  the  vector 
directions  in  the 
calculations.  Therefore, 
the  response  does  not 
reflect  a basic 
understanding.  The 
student  demonstrates  an 
excellent  understanding  of 
conservation  of  momentum 
by  providing  formulas, 
substitutions,  a consistent 
solution,  and  a statement  of 
the  conservation  law.  The 
student  shows  a good 
understanding  of  inelastic 
collisions  by  indicating  that 
energy  is  not  conserved 
when  they  occur  and  by 
identifying  where  the 
energy  is  lost  in  this 
situation.  The  student 
attempts  to  address  forces 
but  does  not  show  a basic 
understanding  as  energies 
and  forces  are  equated. 
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